1. Cultured calvaria cells oxidized palmitate and octanoate to CO2 and water-soluble products. 2. When these cells were treated for 6 days with 0.025 and 0.25 mMdichloromethanediphosphonate, oxidation of palmitate was increased, whereas that of octanoate was influenced less. 3. When the rate of oxidation was raised by increasing the palmitate concentration in the medium, the effect of the diphosphonate was decreased and finally disappeared. 4. 1-Hydroxyethane-1,1-diphosphonate had only minor effects. 5. The increase in palmitate oxidation appeared 2 days after the addition of dichloromethanediphosphonate, simultaneously with a fall in lactate production. (Inhibition of glycolysis by diphosphonates has already been shown.) 6. Cycloheximide, an inhibitor of protein synthesis, did not influence the effect of dichloromethanediphosphonate on the oxidation of palmitate and the production of lactate. 7. Cells cultured with dichloromethanediphosphonate showed a faster uptake of palmitic acid than did control cells. However, this observation did not explain the increased palmitate oxidation, since uptake was much faster than oxidation, and was therefore not the rate-limiting step. 8. 2-Bromopalmitate, an inhibitor of fatty acid oxidation, did not influence the inhibition of glycolysis by the diphosphonates. This inhibition, therefore, did not result from the increased oxidation of palmitate. It is also unlikely that the increased oxidation of palmitate is connected with the inhibition of glycolysis.
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Diphosphonates are compounds which contain a P-C-P bond and are thus related to pyrophosphate, but are resistant to metabolic destruction. They inhibit mineral formation and mineral dissolution in vitro. They prevent ectopic calcification and the resorption of bone in vivo Francis et al., 1969; Russell et al., 1970) . Recently these effects have been made use of clinically. Thus, 1-hydroxyethane-l,l-diphosphonate and dichloromethanediphosphonate have been proved useful in the management of Paget's disease, a disease in which bone turnover is increased (Altman et al., 1973; Guncaga et al., 1974; Russell et al., 1974; Meunier et al., 1979) and of tumoural bone disease (Siris et al., 1980) .
Until recently the effects of diphosphonates in vivo have been mainly attributed to physicochemical interactions with calcium phosphate crystals. However, the diphosphonates also influence cellular metabolism. Their effect on bone might therefore be not only a result of physicochemical interaction. Thus the release of calcium from mitochondria is delayed by dichloromethanediphosphonate and by 1-hydroxyethane-1,1-diphosphonate in vitro and the latter compound is also effective when given in vivo . In cultured mouse calvaria, dichloromethanediphosphonate not only inhibits the release of calcium, but also inhibits the production of lactate (Morgan et al., 1973 (Ende & van Rooijen, 1979a,b) . That the diminished production of lactate is not secondary to the impaired dissolution of apatite has been shown by studies on isolated cells. With calvaria or rabbit ear cartilage cells in cultures it has been shown that diphosphonates present in the medium for at least 6 days also inhibit glycolysis (Fast et al., 1978 (Ende, 1978) . Dichloromethanediphosphonate also increases the cellular glycogen content (Felix et al., 1980) , alkaline phosphatase activity (Felix & Fleisch, 1979) of bone cells, and synthesis of glycosaminoglycans and collagen in cartilage cells (Guenther et al., 1979 (Guenther et al., , 1981 . Therefore, at least in culture, the diphosphonates are able to influence directly cell metabolism.
Glycolysis is the main pathway for energy production in cultured calvaria cells. Since it is decreased by treatment with diphosphonates (Fast et al., 1978) , the question arose whether a possible deficit of energy might be overcome by stimulating the pathways of oxidative metabolism. As mentioned above, an increased oxidation of acetate, leucine and citrate had been found when mouse calvaria were cultured in the presence of diphosphonates for 24 h.
We report in the present paper that treatment of cells with dichloromethanediphosphonate for 6 days induced an increase in the oxidation of long-chain fatty acids. [5-(biphenyl- 4-yl)2-(4-t-butylphenyl)-1-oxa-3,4-diazoleI (CibaGeigy). For aqueous solutions the solvent was a mixture of 0.75 litre of toluene and 0.25 litre of Triton X-100.
Experimental

Cell culture
The cells were prepared as previously described from the calvaria of 1-day-old Wistar rats. They were cultured in minimum essential medium with Earle's salt solution (Eagle, 1959) containing 10% (v/v) foetal calf serum (Fast et al., 1978) . Diphosphonates were usually present from days 1 to 8, the end of the experiment. For experiments where 14CO2 production was measured, 100000 cells in 0.5 ml of medium were plated in glass ampoules with an inner diameter of 1.7 cm. In other cases the same number of cells in the same amount of medium was grown in 24-well tissue culture cluster-dishes 3524 (diameter 1.6 cm; Costar, Cambridge, MA, U.S.A.) and in one kind of experiment, 300000 cells in 1.5 ml of medium were grown in plastic dishes of 3.5 cm diameter (Corning Glass Works, Corning, NY, U.S.A.). The number of cells at the end of the experiments was determined with a Coulter Counter (Fast et al., 1978 Usually fatty acid oxidation is measured in medium containing no serum but containing fatty-acid-free albumin to which palmitate is added. Under these conditions, however, the cell number decreased drastically and the rate of oxidation was not linear with time. Furthermore, we were interested to study the cells under the same conditions in which we had studied the effect of diphosphonates on glycolysis (Fast et al., 1978) . Therefore the fatty acid oxidation was measured in minimum essential medium (Eagle, 1959) (v/v) ]. For the calculation of the specific radioactivity of the palmitate, the fatty acid originally present in the serum and in the albumin was all regarded as palmitate. The serum contained 0.21+0.01 (n = 3) mM-fatty acid; the solution of 4% (w/v) albumin contained 0.30 + 0.003 (n = 2) mM-fatty acid (mean + S.E.M.). to the medium to give a final fatty acid concentration of 0.68 mm. In the following text an approximation will be made and all fatty acid will be considered to be palmitate.
The fatty acid concentration of the serum and of the albumin solution was determined as described by Dole & Meinertz (1960) . Since the serum contained a high concentration of lactate, the organic phase was extracted a second time as suggested by these authors.
To measure oxidation of octanoate, unlabelled n-octanoate and 0.1 ,Ci/ml of n-[ 1-14Cloctanoate were added to the minimum essential medium containing 10% (v/v) foetal calf serum. The fatty acid present in the serum was neglected for the calculation of the specific radioactivity of the octanoate.
To measure the oxidation of triacylglycerols, a solution (0.2,uCi/ml) of glycerol tri[1-14C]palmitate dissolved in propan-2-ol was added to the minimum essential medium containing 10% (v/v) foetal calf serum, the final concentration of propan-2-ol being 1% (v/v) . This concentration of propan-2-ol did not influence palmitate oxidation. It slightly decreased lactate production without changing the inhibitory action of dichloromethanediphosphonate. The oxidation of fatty acid was measured usually on day 7 as follows. The old medium was sucked off and the new one containing the ['4C]fatty acid was added. The flask was flushed with air/CO2 (19: 1) for 1 min and closed with a rubber stopper, from which was suspended a plastic centre well containing a piece of folded filter paper (Kontes Glass Co., Vineland, NJ, U.S.A.). The stopper was sealed with Balco 270 glue (Bally CTU, Schonenwerd, Switzerland) and incubated at 370C for various time intervals. Then 0.2ml of ethanolamine and 0.2ml of 0.33 M-HCl04 were injected into the centre well and flask, respectively. The flasks were shaken for 1 h at room temperature to trap the 14CO2. The ethanolamine was then transferred to 10ml of scintillation fluid and the radioactivity was determined. The production of 14CO2 was linear with respect to time up to 16 h. In the acidified medium the protein was then completely precipitated by adding 0.2ml of 2.65M-HClO4 and, after centrifugation, the supernatant was neutralized with 2.5 M-KHCO3. One part of the neutralized extract was used for determination of lactate, the other one was brought to pH 4.0 with 3 M-acetate buffer. This solution was extracted twice with petroleum benzine and the radioactivity left in the aqueous phase was determined. In the experiments where only the production of 14CO2 and lactate were measured, the reaction was stopped with 0.3 ml of 1.2M-HCl04. With NaH[P4CICO3 the recovery of 14CO2 was 90%.
Thin-layer chromatography
Lipids were extracted from the medium with methanol/chloroform (2: 1, v/v) (Kates, 1972 The frozen acidified medium left from the "4CO2 determination was centrifuged, the supernatant was neutralized with K2CO3 and the lactate was determined with lactate dehydrogenase (Engel & Jones, 1978) .
Uptake of [ U-14Clpalmitate
The cells were grown in 24-well tissue culture cluster-dishes (diameter 1.6 cm) in the usual conditions of air/CO2 (19:1). The uptake, however, was measured at 370C in air. To keep the pH at 7.4 the medium was replaced with minimum essential medium (Eagle, 1959) , with and without diphosphonate, containing 10% (w/v) foetal calf serum, 2.7mM-NaHCO3, 5 mM-Hepes [4-(2-hydroxyethyl)-I-piperazine-ethanesulphonic acid] adjusted to pH 7.4, and 0.14M-NaCl. The uptake was started by sucking off the medium and by adding 0.25 ml of the same medium containing [U-_4C]palmitate. Three concentrations of palmitate were used: (a) no addition of unlabelled palmitate, (b) +0.1 mM-palmitate and 0.133% (w/v) bovine serum albumin, (c) +0.6mM-palmitate and 0.8% (w/v) bovine serum albumin. The uptake was stopped by sucking off the medium and by washing 3 times with 0.5 ml of cold Hanks solution (Hanks & Wallace, 1949) containing 5 mM-Hepes, adjusted to pH 7.4 and 0.5% (w/v) bovine serum albumin. For 0.6mM-palmitate, 0.8% (w/v) bovine serum albumin was added to the Hanks solution. The cell layer was dissolved in 0.2ml of 1% (w/v) Triton X-100 and transferred along with two rinses of 0.4 ml of 0.1 M-NaOH to 10 ml of scintillation fluid. The specific radioactivity of palmitate was calculated as described for 14CO2 production.
Uptake ofn-[1-_4C]octanoate
This was done in the same way as for palmitate, except that the medium contained no serum, no serum albumin and no Hepes buffer. The washing solution contained 0.5 mM-octanoate. Table 2 , the relative stimulation by dichloromethanediphosphonate was decreased to some degree by 0.8% (w/v) albumin, but the effect was too small to explain the absence of an increased oxidation at 0.6mM-palmitate.
In the experiments presented in Table 1 , labelled palmitate was added dissolved in ethanol. Since ethanol might be utilized as substrate and itself change metabolism, the influence of this compound was studied (Table 3 ). The production of '4CO2 was 112.4±2.5t
101.7 + 3.9 Table 5 . Inhibition ofglycolysis by the diphosphonates in the presence or absence of2-bromopalmitate Cells were grown in plastic dishes from day 1 to 7 in the presence or absence of dichloromethanediphosphonate or 1-hydroxyethane-1,1-diphosphonate. Then they were incubated for 16h in the presence or absence of 0.5mm-2-bromopalmitate in medium containing 10% (v/v) foetal calf serum, 0.66% bovine serum albumin, with or without the diphosphonates. The production is given as percentages of control (means + S.E.M. for four dishes). The lactate production for control in the absence of 2-bromopalmitate was 3.68 + 0.07 (n = 4)umol/106 cells and in the presence of 2-bromopalmitate was 5.60 + 0.20 (n = 4)pumol/106 cells. Effect of2-bromopalmitate The inhibition of glycolysis by diphosphonates could be secondary to increased oxidation of fatty acids. To test this hypothesis the cells were incubated with 2-bromopalmitate, which decreased the production of "CO2 to 31.0 + 2.0 (n = 4) % at 0.15mM, to 22.5+4.6 (n=4) % at 0.3mM and to 12.1 +3.5 (n = 4) % at 0.5mM (mean+s.E.M.). As seen in Table 5 , although 2-bromopalmitate increased the absolute production of lactate, the relative inhibition of glycolysis by diphosphonates was not different whether 2-bromopalmitate was present or not. Thus, the effect of the diphosphonates on glycolysis appears to be independent of fatty acid oxidation.
Effect of2-deoxy-D-glucose
Conversely, it is possible that the stimulating effect ofdichloromethanediphosphonate on fatty acid oxidation is secondary to the inhibition of glycolysis. Therefore another inhibitor of glycolysis, 2-deoxy-D-glucose, was given to the cells, to see whether under these conditions the oxidation of fatty acids was also higher. As seen from (Fast et al., 1978) . The increase of the fatty acid oxidation might be related to this inhibition. As shown in Fig. 1 , both effects appeared at the same time and neither is abolished by cycloheximide. Glycolysis produces most of the energy of these cells, and an inhibition of it might stimulate another pathway, e.g. ,-oxidation. The amount of ATP produced by fatty acid oxidation compared with that produced by glycolysis was, however, small. Calculating from Table 3 , the higher oxidation of palmitate yielded only about 1-15% of the ATP that was lost due to a lower rate of glycolysis at 0.25 mM-dichloromethanediphosphonate. Furthermore, inhibition of glycolysis by 2-deoxy-D-glucose to a similar degree as with 0.25 mM-dichloromethanediphosphonate did not influence the oxidation of palmitate, which shows that a diminution of glycolysis does not automatically lead to a higher oxidation of fatty acids. On the other hand, the comparison of the two inhibitors might not be relevant, since the diphosphonates act after 2 days, whereas 2-deoxy-Dglucose acts immediately. The fact that 1-hydroxyethane-1,1-diphosphonate inhibits glycolysis strongly (Fast et al., 1978) , but has minor effects on palmitate oxidation, suggests also that inhibition of lactate production is not the only reason for the effect of dichloromethanediphosphonate on palmitate oxidation.
When fatty acid oxidation was blocked with 2-bromopalmitate, which probably acts by inhibiting fatty acyl-CoA synthetase, carnitine acyltransferase and by interfering with binding of fatty acids and acyl-CoA species to intracellular binding proteins (Mahadevan & Sauer, 1971; Chase & Tubbs, 1972; Ockner & Manning, 1976) , the inhibition of glycolysis by the diphosphonates was not changed. This suggests that the lower rate of glycolysis is not connected to the increased oxidation of fatty acids.
The oxidation of octanoate was much less increased than that of palmitate in the cells treated with dichloromethanediphosphonate. Since the oxidation of long-chain fatty acids, but not that of octanoate, is dependent on the transport of these acids as carnitine esters into the mitochondria (Bremer, 1977) , it is possible that dichloromethanediphosphonate interacts with this system. Another possibility might be that the diphosphonate interacts with the fatty-acid-binding protein, which seems to participate in the cellular transport of hydrophobic long chain fatty acids, but has low affinity for medium-chain fatty acids (Ockner & Manning, 1976) . The synthesis of this binding protein, as also of the carnitine acyltransferase was, however, not influenced, because inhibition of protein synthesis did not abolish the increase in fatty acid oxidation.
The role of fatty acid oxidation in bone metabolism is not yet known. The fact that dichloromethanediphosphonate, a powerful inhibitor of bone resorption, influences this process raises the possibility that fatty acid oxidation could perhaps be involved in bone destruction. Studies with other compounds known to influence this process might throw some light on this hypothesis.
